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Abstract 
The development of smart gas sensor devices for daily life application requires considerable technological efforts 
related to CMOS integration of gassensitive materials. We are focusing on the heterogeneous integration of ultrathin 
(50 nm) SnO2 layers deposited by spray pyrolysis with CMOS devices. With respect to miniaturization and 
implementation of the sensing layers on micro-hotplates (μhps) we compared the H2 responses for 100x100 μm2 and 
5x100 μm2 sized sensing films and found a very high response of 42% and 28%, respectively, for 10 ppm H2. We 
performed 2-point and 4-point electrical measurements of SnO2 layers on typical CMOS Al contacts and achieved 
linear V-I characteristic in the full operating temperature range up to 350°C in 4-point configuration. We also 
demonstrate the excellent step coverage of the deposited SnO2 layers on passivated CMOS chips, which is highly 
important for post-CMOS processing of the sensor films. 
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1. Introduction 
Different variants of metal oxide based gas sensors, relying on changes of electrical conductance due 
to the interaction with the surrounding gas, have been developed over the years to established devices [1]. 
Today’s gas sensors, however are rather bulky devices and have high power consumption. As current gas 
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sensors are not integrated in CMOS technology they cannot fulfill requirements for smart applications in 
consumer electronics. Smart gas sensors devices require the development of CMOS technology based μ-
hotplates (μ-hps) to reach operating temperatures up to 400°C [3], nanotechnology based materials for 
high sensing performance [4], and their heterogeneous integration with CMOS devices. Here we report on 
high H2 sensing performance of ultrathin SnO2 layers, and focus on important aspects related to their 
CMOS integration: scalability, compatibility with Aluminium contacts and step coverage profile. 
2. Experimental 
The sensor design consists in a 50 nm patterned SnO2 film on top of contacting metals. The SnO2 layer 
has been deposited by spray pyrolysis [5] and annealed at 400°C. With respect to scalability sensors are 
fabricated with 2 different dimensions of the SnO2 film: 100x100 μm2 (Fig. 1 (a)) and 5x100 μm2 (Fig. 1 
(b)). The metal lines are structured in order to allow performing 2- and 4-point electrical resistance 
measurements. Using evaporated Ti-Au (10nm + 200nm) metal lines both configurations showed linear 
V-I characteristic in the entire operating temperature range 200°C-350°C. For basic gas sensing 
characterization the samples are glued on commercially available discrete microheaters (10x2 PT 6.8-0.4, 
Delta-R GmbH) combined with a thermocouple (4x1 Pt100B, Delta-R GmbH). Afterward, they are 
mounted on a chip carrier and are measured in an automated gas measurement setup. Dry synthetic air is 
used as background gas. The test gas, which is mixed to the background gas, is H2 at concentrations in the 
range of 10 to 100 ppm. For every concentration 3 separated test gas pulses have been added to verify the 
repeatability of the response. The sensor is heated up to 350°C and the resistance is measured in 4-point 
configuration. While gas is impinging on the SnO2 layer, its resistance is decreased. The gas response is 
defined as the relative resistance decrease in percentage. 
 
 
       (a)                   (b) 
Fig. 1. Sensor designs: (a) 100x100 μm2 SnO2 layer on top of Ti-Au contacts; (b) 5x100 μm2 SnO2 layer on top of Ti-Au contacts. 
 
3. Results and discussion 
The resistances of the two sensors have been normalized to enable a direct comparison. The 
normalized resistance at 350°C versus H2 concentration is shown in Fig. 2 (a). The resulting gas 
responses versus H2 concentration are compared in Fig. 2 (b). Although the 20 times larger sensor shows 
a higher performance, the 5 μm wide sensor has a very good response of 28% for 10 ppm H2 
concentration. Employing a meander structure, for example, would enable the use of very small μhps, 
necessary to decrease power consumption. 
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(a)                      (b) 
Fig. 2. (a) Measurement run showing the normalized resistance at 350°C of the two different sized sensors with increasing H2 
concentration; (b) The resulting gas response versus H2 concentration. 
 
Regarding further CMOS integration, where Al is commonly used as contact material, we have 
deposited the SnO2 layer on 1 μm thick Al lines (100x100 μm2 design). Fig. 3 (a) shows the 2-point V-I 
characteristic being linear only above 300°C. However, linearity in the full operating temperature range is 
achieved in 4-point configuration (Fig. 3 (b)), confirming the possibility to realize accurate resistance 
measurements. 
 
 
       (a)                                     (b) 
Fig. 3. (a) SnO2 on CMOS Al contacts. 2 point V-I characteristic curve with temperature; (b) SnO2 on CMOS Al contacts. 4 point  
V-I characteristic curve with temperature. 
 
The excellent step coverage of the SnO2 film deposited with spray pyrolysis on a passivated CMOS 
chip (height ~3 μm) is shown in Fig.4. This characteristic is highly important to enable the heterogeneous 
integration by post-CMOS processing steps. 
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Fig. 4. SEM cross section of SnO2 on CMOS passivated chip 
 
4. Conclusion and outlook 
In this work ultrathin SnO2 gassensitive layers deposited by spray pyrolysis have been investigated. 
The results show that it is able to fulfill several CMOS integrability requirements. Firstly, it is possible to 
scale the dimension of the film still having a good gas response (28%) also for low H2 concentration 
(10ppm). Secondly, the sensor designed to allow 4-point electrical measurement is applicable to use 
CMOS compatible Aluminium contacts instead of Ti-Au. Finally, the excellent step coverage of the layer 
enables to integrate is as post-CMOS processing step. These are all important “ingredients” to realize a 
completely CMOS compatible smart gas sensor device. In particular, further work will be focused on the 
integration of such SnO2 layers on low power dissipating CMOS microhotplates. 
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